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7KHOHYHORILPSRUWDQFHRIWKHSURFHVVSDUDPHWHUVRQIOH[XUDOSURSHUWLHVLVGHWHUPLQHG E\XVLQJDQDO\VLVRIYDULDQFH
$129$ 7KHPDLQ HIIHFWV DQG WKHLU LQWHUDFWLRQV DUH DQDO\VHG LQ WKH FXELFPRGHO ZLWK GHODPLQDWLRQ IDFWRU DV WKH
FRUUHVSRQGLQJUHVSRQG7KHVWDWLVWLFDOVRIWZDUHSDFNDJH'HVLJQ([SHUW6WDW(DVH,QF0LQQHDSROLV0186$ZDV
XVHGIRUWKHUHJUHVVLRQDQDO\VLVRIWKHH[SHULPHQWDOGDWDDQGDOVRWRSORWWKHWKUHHGLPHQVLRQDOUHVSRQVHVXUIDFHJUDSKV
7KHPXOWLSOHFRHIILFLHQWVRIFRUUHODWLRQܴ DQGWKHGHWHUPLQDWLRQFRHIILFLHQWRIFRUUHODWLRQܴ ZHUHFDOFXODWHGWRHYDOXDWH
WKHSHUIRUPDQFHRIWKHUHJUHVVLRQHTXDWLRQ>@7KHSRLQWRSWLPL]DWLRQPHWKRGZDVHPSOR\HGLQRUGHUWRRSWLPL]HWKH
OHYHORIHDFKYDULDEOHIRUPLQLPXPUHVSRQVH
5(68/76$1'',6&866,21
(IIHFWRI'ULOOLQJ3URFHVV3DUDPHWHUVRQ'HODPLQDWLRQ)DFWRU
7KHHIIHFWRIGULOOLQJSDUDPHWHUVRQGHODPLQDWLRQIDFWRULQGULOOLQJMXWHILEUHUHLQIRUFHGFRPSRVLWHVDUHSUHVHQWHGLQ
WHUPVRIWKHGHODPLQDWLRQIDFWRUDJDLQVWVSLQGOHVSHHG)LJXUHVDQG)LJXUHVKRZVWKHHIIHFWRIGULOOWRROGLDPHWHU
ZLWK UHVSHFW WR WKHGLIIHUHQW VSLQGOH VSHHGRQGHODPLQDWLRQ IDFWRU7KH ILJXUH LQGLFDWHV WKDW WKH LQFUHDVHRI GULOO WRRO
GLDPHWHU LQFUHDVHV WKHGHODPLQDWLRQ IDFWRURQ WKHRWKHUKDQG WKH LQFUHDVH RIVSLQGOHVSHHGUHGXFHV WKHGHODPLQDWLRQ
IDFWRULQGULOOLQJSURFHVVHV7KHLQFUHDVHRIGULOO WRROGLDPHWHULQFUHDVHVWKHORDGRQWKHWRRODQGFRQWDFWEHWZHHQWKH
ZRUNSLHFHDQGWRROZKLFKLQFUHDVHWKHGHODPLQDWLRQ,QWKHRWKHUKDQGDVWKHVSLQGOHVSHHGLQFUHDVHWKHZDVDUHGXFWLRQ
LQGHODPLQDWLRQIDFWRU7KLVREVHUYDWLRQPLJKWGXHWRVRIWHQLQJRIWKHPDWUL[DWWKHGULOOLQJVLWHGXHWRKHDWJHQHUDWHGE\
WRROIULFWLRQUHVXOWLQJLQHDVLHUUHPRYDORIWKHPDWUL[
)LJXUH(IIHFWRIGULOOGLDPHWHUZLWKUHVSHFWWRWKHVSLQGOHVSHHGRQGHODPLQDWLRQIDFWRU
)LJXUHVKRZVWKHHIIHFWRIGULOOWRROGLDPHWHUZLWKUHVSHFWWRGLIIHUHQWIHHGUDWHRQWKHLUGHODPLQDWLRQIDFWRU,WZDV
IRXQGWKDWLQFUHDVLQJWKHIHHGUDWHUHVXOWVLQDQLQFUHDVHLQWKHGHODPLQDWLRQIDFWRULQGULOOLQJ7KHGULOOWRROGLDPHWHULVD
PDMRULQIOXHQFHLQWKHGULOOLQJRIFRPSRVLWHPDWHULDOV$QLQFUHDVHLQWKHGULOOWRROGLDPHWHUDQGIHHGUDWHLQFUHDVHVWKH
FRQWDFWEHWZHHQWKHZRUNSLHFHKROHDQGORDGRQWKHWRROZKLFKLQWXUQLQFUHDVHVWKHGHODPLQDWLRQIDFWRU7KHUHIRUHWKLV
LPSOLHVWKDWE\XVLQJRSWLPL]HGGULOOLQJSDUDPHWHUVWKHGHODPLQDWLRQLQGULOOLQJFDQEHUHGXFHG
)LJXUH(IIHFWRIGULOOGLDPHWHUZLWKUHVSHFWWRWKHIHHGUDWHRQGHODPLQDWLRQIDFWRU
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6WDWLVWLFDO$QDO\VLVRI5HVSRQVH6WXGLHG
7KHRSWLPXPFRQGLWLRQVIRUIHHGUDWHVSLQGOHVSHHGDQGWRROGLDPHWHURIWKHGULOOLQJSURFHVVZHUHGHWHUPLQHGE\
PHDQVRI WKH%R[ %HKQNHQRI5607KHRYHUDOO UHVXOWV DUH VKRZQ LQ7DEOH7KHREWDLQHG UHVSRQVHVZHUHYDULHG
EHWZHHQDQGGHODPLQDWLRQIDFWRU*HQHUDOO\IURPWKHUHVXOWVREWDLQHGLWLVUHYHDOHGWKDWLWLVQHFHVVDU\WR
HPSOR\ WKH KLJKHVW SRVVLEOH VSLQGOH VSHHG ZLWK ORZHU YDOXHV RI IHHG UDWH DQG WRRO GLDPHWHU IRU PLQLPL]LQJ WKH
GHODPLQDWLRQLQ WKHGULOOLQJSURFHVVRIFRPSRVLWHPDWHULDOV+RZHYHUWKHUHODWLYHLPSRUWDQFHDPRQJWKHGULOOLQJSURFHVV
SDUDPHWHUVUHTXLUHVWKHXVHRI$129$DQDO\VLV
7DEOH7KUHHIDFWRU%R[%HKQNHQGHVLJQH[SHULPHQWZLWKWKHSUHGLFWHGUHVSRQVHRIGHODPLQDWLRQIDFWRU
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7KH$129$LVDVWDWLVWLFDOO\EDVHGREMHFWLYHGHFLVLRQPDNLQJWRROZKLFKKHOSVLQWHVWLQJWKHVLJQLILFDQFHRIWKH
SDUDPHWHUVE\FRPSDULQJWKHPHDQVTXDUHDJDLQVWDQHVWLPDWHRIWKHH[SHULPHQWDOHUURUVDWVSHFLILHGFRQILGHQFHOHYHOV
7KH$129$IRUUHVSRQVHVXUIDFHFXELFPRGHORIVSHFLILHGSDUDPHWHUVWRWHVWWKHLUDGHTXDF\DUHVXPPDUL]HGLQ7DEOH
HYDOXDWHGE\WKHUHJUHVVLRQFRHIILFLHQWVܨYDOXHV݌ YDOXHVFRUUHODWLRQFRHIILFLHQWܴDQGWKHGHWHUPLQDWLRQFRHIILFLHQW
ܴ*HQHUDOO\WKHSURSRVHGPRGHOLVKLJKO\VXJJHVWHGWREHVLJQLILFDQWDVWKHSYDOXHOHVVWKDQ$OOVSHFLILHG
SDUDPHWHUVDOVRLQGLYLGXDOO\DIIHFWVLJQLILFDQWO\WKHFRUUHVSRQGLQJUHVSRQGDVSYDOXHLV OHVVWKDQ$ODUJHU)
YDOXHLQGLFDWHVWKDWWKHYDULDWLRQRISURFHVVSDUDPHWHUPDNHVDVLJQLILFDQWFKDQJHLQWKHTXDOLW\FKDUDFWHULVWLF7KH0RGHO
)YDOXHRILPSOLHVWKHPRGHOLVVLJQLILFDQW7KHUHLVRQO\DFKDQFHWKDWD0RGHO)YDOXHWKLVODUJHFRXOG
RFFXUGXHWRQRLVH,WFDQEHREVHUYHGLQ7DEOHIHHGUDWHVKRZV WKHKLJKHVW)YDOXHIROORZHGE\WRROGLDPHWHUDQG
VSLQGOHVSHHGPHDQVWKDWLWLVWKHPRVWVLJQLILFDQWGULOOLQJSURFHVVSDUDPHWHULQPLQLPL]LQJWKHGHODPLQDWLRQHIIHFWRI
FRPSRVLWHPDWHULDOV7KHFRHIILFLHQWRIGHWHUPLQDWLRQYDOXHܴ  LQGLFDWHVWKDWWKHUHVSRQVHPRGHOFDQH[SODLQ
DERXWRIWKHWRWDOYDULDWLRQV$GGLWLRQDOO\WKHFRHIILFLHQWRIDGMXVWHGGHWHUPLQDWLRQYDOXH$GMܴ  LVDOVR
KLJKHQRXJKWRLQGLFDWHWKHVLJQLILFDQFHRIWKHVHOHFWHGPRGHO
,QWKLVFDVHWKHLQGLYLGXDOHIIHFWVRI$%&$% DQG& DUHVLJQLILFDQWPRGHOWHUPV$OVRVLJQLILFDQW݌ YDOXH
ZDVIRXQGIRUWKHLQWHUDFWLRQ$%DQG$&EHWZHHQWKHGHVLJQIDFWRU+HQFHLWFDQEHFRQFOXGHGWKDWWKHIHHGUDWH
$VSLQGOHVSHHG%DQGWKHWRROGLDPHWHU&KDGDVLJQLILFDQWSRVLWLYHHIIHFWLQGLYLGXDOO\RQPLQLPL]LQJGHODPLQDWLRQ
UHVSRQVHLQWKHGULOOLQJSURFHVV7KLVPRGHOFDQEHXVHGWRQDYLJDWHWKHGHVLJQVSDFH
$ SURSRVHG VHFRQG GHJUHH SRO\QRPLDO ZDV ILWWHG WR WKH GDWD SUHVHQWHG LQ $129$ XVLQJ PXOWLSOH OLQHDU
UHJUHVVLRQVWRGHWHUPLQHWKHRSWLPXPFRQGLWLRQVWKDWUHVXOWHGLQWKHRSWLPL]HGHODPLQDWLRQIDFWRU%\DSSO\LQJPXOWLSOH
UHJUHVVLRQDQDO\VLVRQWKHH[SHULPHQWDOGDWDWKHIROORZLQJVHFRQGGHJUHHSRO\QRPLDOZDVREWDLQHG
'HODPLQDWLRQDWHQWUDQFH $ % & ; $% $ & ;
 %&$ % &  $ %; $ & ;$%
=0XVWDIDHW DO Ň-RXUQDORI0HFKDQLFDO(QJLQHHULQJDQG6FLHQFHVŇ9RO ,VVXH  
 MRXUQDOXPSHGXP\MPHV Ż
7DEOH$129$IRUUHVSRQVHVXUIDFH FXELFPRGHORIGHODPLQDWLRQIDFWRU
6XPRI 0HDQ ) SYDOXH
6RXUFH 6TXDUHV GI 6TXDUH 9DOXH 3URE!)
0RGHO   (   VLJQLILFDQW
$)HHG5DWH (  (  
%6SLQGOH6SHHG (  (  
&7RRO'LDPHWHU (  (  
$% (  (  
$& (  (  
%& (  (  
$ (  (  
% (  (  
& (  (  
$%&  
$% (  (  
$& (  (  
$% (  (  
$&  
%&  
%&  
$  
%  
&  
3XUH (UURU (  (
&RU7RWDO  
6WG'HY ( 56TXDUHG 
0HDQ  $GM56TXDUHG 
&9  3UHG56TXDUHG 1$
35(66 1$ $GHT3UHFLVLRQ 
2SWLPLVDWLRQRIWKH'HODPLQDWLRQ)DFWRULQWKH'ULOOLQJRI-XWH)LEUH5HLQIRUFHG&RPSRVLWH
7KHEHVWZD\LQRSWLPL]LQJWKHSDUDPHWHUVWKDWLQIOXHQFHWKHGHODPLQDWLRQIDFWRUZLWKWKHGHVLUDELOLW\YDOXHRILV
E\JHQHUDWLQJWKH'5HVSRQVH6XUIDFH0RGHO560LQZKLFKWKHFRQWRXULQWKHVXUIDFHSORWVIURPWKHUHJUHVVLRQPRGHO
DQGRSWLPL]HWKHYDULDEOHV7KH'SORWVZHUHJHQHUDWHGE\KDYLQJRQHFRQVWDQWYDULDEOHDWWKHFHQWUHSRLQWDQGYDU\LQJ
WKHRWKHUVZLWKLQWKHUDQJH%\GRLQJVRWKHHIIHFWVRQWKHGULOOLQJSURFHVVE\WKHIHHGUDWHVSLQGOHVSHHGDQGWKHWRRO
GLDPHWHURQWKHGHODPLQDWLRQIDFWRUFDQEHVRXJKW)LJXUHVKRZVWKH'560DQGFRQWRXUSORWRIIHHGUDWHDQGVSLQGOH
VSHHGLQWHUDFWLRQHIIHFWLQZKLFKWKHWRROGLDPHWHULVDVVXPHGWREHDFRQVWDQW7KHDQDO\VLVRIWKH'VXUIDFHLQGLFDWHV
WKDWLQWKHGULOOLQJSURFHVVWKHRSWLPXPGHODPLQDWLRQIDFWRUZLWKWKHGHVLUDELOLW\RIFDQEHDFKLHYHGE\XVLQJWKH
VSLQGOHVSHHGLQWKHUDQJHRIUSPXQWLOUSPDWWKHORZHVWIHHGUDWHRIPPPLQWRPPPLQ,WZDV
REVHUYHGIURPWKHGLDJUDPWKDWWKHGHODPLQDWLRQIDFWRULVQRWDWLWVGHVLUHGYDOXHLIWKHVSLQGOHVSHHGZDVLQFUHDVHGXSWR
USPZKHQXVLQJDIHHGUDWHRIPPPLQ7KH'VXUIDFHDOVRVKRZVWKHYDOXHVRIVSLQGOHVSHHGUHODWLYHWRWKH
IHHGUDWHLQREWDLQLQJWKHGHVLUHGGHODPLQDWLRQIDFWRUUHSUHVHQWHGE\WKHGDUNEOXHFRORXUHG]RQH7KHRSWLPXPFRQGLWLRQV
IRUERWKFDQEHREWDLQHGIURPWKHFRQWRXUGLDJUDPLQ)LJXUHE
)LJXUH'UHVSRQVHVXUIDFHSORWRI SHHORIIGHODPLQDWLRQDFRXSOHGZLWKLWVFRQWRXUSORWVEDVDIXQFWLRQRIIHHG
UDWHDQGVSLQGOHVSHHG
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,WZDVREVHUYHGWKDWE\LQFUHDVLQJWKHVSLQGOHVSHHGDFFRPSDQLHGE\DUHGXFWLRQLQWKHIHHGUDWH\LHOGVLQGHODPLQDWLRQ
IDFWRURIFORVHVWWR WKHRSWLPXPGHODPLQDWLRQUHTXLUHGWKDWLV7KHSDUDPHWHUVIRUWKHRSWLPXPGHODPLQDWLRQ
LVDWPPPLQWRPPPLQIHHGUDWHDQGUSPWRUSPVSLQGOHVSHHGXVLQJWKHPPGLDPHWHUGULOOLQJ
WRRO 7KH DQDO\VLV RI WKH ' VXUIDFH LQGLFDWHV WKDW LQ WKH GULOOLQJ SURFHVV WKH RSWLPXP 'HODPLQDWLRQ )DFWRU ZLWK
'HVLUDELOLW\RIWKXVUHTXLULQJDUHGXFWLRQLQWKHIHHGUDWHWRDUDQJHEHWZHHQPPDQGPPDVZHQHHG
WR VHOHFW D GULOOLQJ WRRO ZLWK D GLDPHWHU EHWZHHQ PP DQG  PP 7KLV LPSOLHV WKDW WKH GHVLUHG YDOXH RI WKH
GHODPLQDWLRQ IDFWRU LV7KHSUHFLVHYDOXHRI WKHRSWLPXPFRQGLWLRQ IRUERWKFDQEHREWDLQHG IURP WKHFRQWRXU
GLDJUDPLQ)LJXUHE
7KHHIIHFWRIIHHGUDWHDQGWRROGLDPHWHURQWKHGHODPLQDWLRQIDFWRURIWKHFRPSRVLWHLVSUHVHQWHGLQ)LJXUH)URP
WKHWUHQGLWZDVREVHUYHGWKDWE\UHGXFLQJWKHIHHGUDWHZLWKVHOHFWLQJWKHWRROGLDPHWHUEHWZHHQPPWRPP
DQGIHHGUDWHIURPPPPLQWRPPPLQ\LHOGVWKHGHODPLQDWLRQIDFWRURIZKLFK LVFORVHVWWR7KH
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